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LHCb status and outlook
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Highlights of current and planned physics program



Integrated Recorded Luminosity (1/fb)

LHCD is moving to the next chapter!

JdWe are currently completing our Run II
data set and at the last stride tfowards
the construction of what is essentially a
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NEW LHCb detector

LHCDb Integrated Recorded Luminosity in pp, 2010-2018
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LHCb Efficiency breakdown in 2018

P FuLLY ON: 89.16 (%)
T HV: 0.48 (%)

[ ] VELO Safety: 0.73 (%)
B cAQ: 1.95 (%)

Bl DcadTime 6.43 (%)



LHCb detector

Dipole magnet
4Tm bending power
Polarity +/-

S5m|

..............

Interact
ion

point _

VELO
Gp ~20um

MUON system
e(n) ~97%

RICh detectors
e(K) ~ 95%

for 5% m—K misID

for 1-3% m—p misID

e

M4 M3

T3 RICH2 M1

(high pT tracks)

(20-100 GeV)

TRACKING Systems
Ap/p=0.5-0.8%

M3

~Y

CALORIMETERS
ECAL: G/E ~ 1% ©10%/VE

..............

JINST 3(2008) SO8005
UMPA 30 (2015) 1530022

Single arm spectrometer:
Large acceptance for bb
and cc in forward region
2<n<5

Precision tracking and
vertexing

Excellent PID systems
Efficient leptonic and

hadronic trigger



At the dawn of a new chapter!

We are here HL-LHC and ATLAS/CMS phase 2 upgrades

1 1

Install Upgrade | Consolidation and
upgrade maintainance
Upgrade 1b
ﬁ
L =4 x1032 cm2 s-1 L=2x10*3cm?s?

Upgrade | in construction
. will allow to run at 5 x current instant luminosity
. aim to collect 50 b by LS4
»  detector consolidation and modest enhancement foreseen in LS3 (start of HL-LHC)



The LHCb Trigger

LHCb 2012 Trigger Diagram

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz
readout, high Er/Pr signatures

450 kHz 400 kHz
h* w/pp

oftware High Level Trigger
Introduce tracking/PID information,
find displaced tracks/vertices
Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive
selection algorithms

5 kHz (0.3 GB/s) to storage
2 kHz 4 Rz 1 kHz
- Inclusive/
Inclusive Muon and
Exclusive

Topological Charm DiMuon

SIS

Alignment and calibration

Offline reco & selection

Physics results

Run |
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LHCDb Run 2 Trigger Diagram

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz

readout, high E;/Py signatures

. Software High Level Trigger

displaced tracks/vertices and dimuons

[ Partial event reconstruction, select ]

Buffer events to disk, perform online
detector calibration and alignment

of inclusive and exclusive triggers

\/ \ \/
12.5 kHz (0.6 GB/s) to storage

(Full offline-like event selection, mlxtureJ

Run 2



The LHCb Upgrade Phase |

All sub-detectors read-out at 40 MHz for a fully software trigger

VELO

New pixel vertex
detector

Vert
Locator

Interact
ion

point

New silicon
Upstream Tracker

RICh detectors
New RICH optics
and photodetector

MUON system
New electronics

P

Mg M5
M3

SciFi
New SCintillator Fiber tracker

CALORIMETERS
New electronics




Getting ready for the finish line!

Velo module UT sensor

PCled40
boards




The big quesﬂons

What is the universe made of?

26.8% Dark
Matter

68.3% Dark "
Energy oy

J Baryon asymmetry of the universe

 Hierarchy Problem: We don’t understand how we get from the Planck scale
of Energy ~10'° GeV to the Electroweak Scale ~100 GeV without “fine
tuning” quantum corrections

U Gravity at “elementary particle level” scale
= Search for “new physics” answering these questions in a
coherent manner



Flavor physics as a probe for new
physics

dFlavor physics = study of the interactions
that distinguish the 3 generations of
fermions

JIn Standard Model Yukawa couplings

JNew physics manifestations in flavor
physics = new couplings or new forces
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OAlready excluded ranges

A, [TeV]

10°
10*
10°
10

10'

Flavor as a High Mass Probe

L,.=L, + PO

(s — d)

AmK y EK

C

l

(b—d) (b— s)
Amg, sin23  Amg, Adp
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Ways out

1. New particles have
large masses >>1 TeV

2. New particles have
degenerate masses

3. Mixing angles in new
sector are small, same
as in SM (MFV)

4. The above already
implies strong
constrains on NP

See: Isidori, Nir
& Perez arXiv:1002.0900;




The unitarity triangles

fec = = 385 W | S 1) Vod, + w01 |+ e

d; u; u c t
Cabibbo- S l\
V Kobayashi-
Maskawa (CKM)
W  Matrix \ l‘/
d s b

Visualization of Standard
Model test as unitarity
triangles

11



The reference unitarity triangle

R, v should
establish the
SM foundation
(tree level
processes)

] y extracted from
loop-level
processes
provides
another SM
check

Rb _ VYud Vjtfb

_ (4 A2\ 1|Vl
; 2 ) ANV

VeaVe

(1,0)
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Measuring the sides of the standard

unitarity triangle

q*=m?*(pv)

property of the decay (E,,

lllustration H
focused on vertex « Vb m
Vb, change W
u>c for V. \
/b\ \ //u\ “exclusive” study a
B ! | specific final state
/meson | l pion |
\ q / \ q “inclusive” study an inclusive
Experimental :vekwant Lattice QCD,LC sum rules,
0 know
observables HQE..

vl RGN
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O Validation of HQE and lattice
calculations

S 00f 3 LHCb measurement of the shape of the differential

3 3%0F 1 decay width in A,> A uvysemileptonic decays &

Z ol 1 comparison with lattice QCD predictions [Meinel,

S 200f 3 Detmold & Lehner, arXiv:1504.01421] and HQET static
o 1 approximation, more sophisticated fit fo the data by
s0f 7 Ligeti et al [arxiv:1808.09464] up to order A2/m2

06 4 2 0 2
In(IP/mm)
C\’]— 3 N | | | L DL L | 1
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= 600F 3 E 2E .

2 500F = = - ]

2 400f g 1 ]

5 300F = % .
200E 3 1= .
100E . 3 -

TS B0 30 0-5F -
m(pK 7*) [MeV] - xz/dof=%.0/6 p-\I/aIue 92|% e
% 2 4 6 8 10

q? [GeV?3]"

unfolded



The angle y from tree level processes

B decay D decay Method Ref. Dataset’ Status since last
combination (3]

B* — DK* D — h*h™ GLW [14] Run 1 & 2 Minor update

B* - DK* D — h*h™ ADS [15] Run 1 As before

B*Y - DKt D — htr~xtx~ GLW/ADS  [15] Run1 As before

B* — DK* D — h*h=z° GLW/ADS  [16] Run1 As before

B* — DK* D — K’h*h~  GGSZ [17] Run 1 As before

B* — DK* D — K!h*h~  GGSZ [18] Run 2 New

B* - DK* D — K!K*z~ GLS [19] Run 1 As before

B*Y - D*K* D — h*h™ GLW [14] Run1& 2 Minor update

B* — DK** D — h*h™ GLW/ADS  [20] Run1& 2 Updated results

B* — DK** D — h*tn~xtz~ GLW/ADS [20] Run1&2 New

B* - DK*xtx~ D — h*h™ GLW/ADS  [21] Runl As before

BY — DK D— K*m~ ADS [22] Run1 As before

B DK*n~ D — h*h™ GLW-Dalitz (23] Run1 As before

B® - DK*° D — Krtn~ GGSZ [24] Run 1 As before

BY - DFK* Df - h*th =t TD [25] Run 1 Updated results

BY— D¥x* D*— Ktz—z* TD [26] Run 1 New

t Run 1 corresponds to an integrated luminosity of 3fb~! taken at centre-of-mass energies of 7 and
8TeV. Run 2 corresponds to an integrated luminosity of 2 fb~! taken at a centre-of-mass energy of

13 TeV.

LHCb v combination yields v = (74 0F29
Dominating the world average v = (73 5+

1-CL
i BRI B |

MR B

100

B B decays
[0 B® decays
I B* decays
B Combination

[LHCb CONF-2018-002]
) [HFLAV winter 2018]

Slight tension with loop-determination v = (65 61% 0) [CKMfitter 2018]
3-4° precision with full Run 2, 1.5° with 23fb™!, 0.35° with Upgrade |l
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The standard triangle - after “30
years

CLEO,LEP,
BaBar, Belle,
0.10 = — LHCb
1:_ s%ﬁ&
0.05 I E
! 0.5> ‘
——— el WD

= 0.00

-0.05

Looks like a triumph of the Standard Model, room for new physics at
10%-15% level

16



Rare decays and generic searches for

new physics

b . y > S

Rare decays are described by an effective Hamiltonian
expressed in terms of an operator product expansion:

Heyp = =75 VaVis Y [Ci(w)Oi(p) +C(w)Oi(w)] 5
T \—— W—J i=9, 10
left handed right handed :zli

(suppressed in the SM)

Tree

Gluon penguin
Photon penguin
Electroweak penguin
Higgs (scalar) penguin
Pseudoscalar penguin

17



How c¢an we pin down new physies

contributions?
5, i | B>Xoy 7
0, V V
O, V
044 V V

O v

18



b>s(d) ¢t¢

b t S bt s b s

P

W= W

=Ty

VETO charmonium resonances,
where hadronic physics makes
things complicated

Invariant mass
squared = g?

(=9
=

—

/ !
el C§ ama €YY
interference Long distance
contributions from (:C
above open charm
threshold

4 m{)?
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BoK*( I 4

O Similar to K*y, but more decay paths

. / @
b hgens 5 b a3 particles
) ” Phys. Rev. Lett. 113 (2014) 151601 N |OO PS
q q q q

[ Several variables can be examined, e.g. muon forward-
backward asymmetry, Az is well predicted in SM

4 Not all the variables are equal! The never ending struggle
to tame strong interaction effects!



LHCb B"—
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N
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Branching fractions

), 4+ -

pp~ [JHEP

11 (2016) 047]
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15 LHCb -
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[JHEP 06 (2014) 133]

q* |GeV3/e!

Branching fractions are generally lower than theoretical expectations, SM
predictions have uncertainties associated with hadronic effects
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Angular distributions in B->K*l¢t¢-

Goal: express differential decay rate in terms of parameters that are less
sensitive to the hadronic matrix element uncertainty & prevent NP from hiding
under strong interaction effects
1 d3*(r + D) R
I dcos6ydcosfy d¢ 32w

3 1
[2(1 — FL)sin? 6 + Fy, cos® 0 + i Fp,) sin? 6 g cos 26,

2 . (2) _. 2 . 2
— Fp,cos” g cos20p + E(I_FL)AT sin“ @ g sin“ 0y cos 2¢ +

\/FL(I - FL)H.; 8in 20 - sin 260y cos ¢ + \/FL(I - FL)P;; sin 20 sinfy cos ¢ +

(1 - FL)AR, sin® 8¢ cos 6 + \/FL(1 — FL)P} sin 20 sin 0 sin & +

\/FL(I — FL) P} sin 28 ¢ sin 28 sin ¢ + (S/A)g sin® O sin? 8 sin 2¢ ]
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The P’c anomaly in the decay B> K)u+p-

, S
P, 2

=\/FL(1—FL)

Less sensitive to hadronic uncertainties. However precise and well defined
uncertainty assessment needed.

Descotes-Genon et al, 1510.04239

I W
e LHCbdata © ATLAS data
s Belledata < CMS data
I SM from DHMYV
Y| SM from ASZB

[77] onm Kt + BB Kewi witin |15

[ Mty acbase

? XN

llllllllll
<

+

J i | S)

|

L 1

O s 5 10 PR S T 15 i - B
q* [GeV?/c4 Oy = (s '7#}3'-b)( €y [)
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Exploring new modes: b—dI*l-

e First evidence for the decay B — K™ u"u™ [JHEP 07 (2018) 020]:

» Extremely challenging due to B® — K*°u*u~ contamination
» Distinguishable thanks to LHCb high momentum resolution

Candidates / ( 10.0 MeV/¢e?)

0 5200 5300 5400 5500 5600
m(K mu*u-) MeV/c?]

e Using 4.6 fb™! data (2011-2016): 3.40 significance

B(BQ—> R*°u+|.1_) = (2.9 &+ 1.0(stat) + 0.2(syst) = 0.3(norm)) x 10~8 J

24



Lepton universality in B>KM¢¢
DS'I'Udy the double ratio |[ixo paper 2017-013

B(B— K*u*tpu™) B(B'— K*ete)
RK*O —_ B(

B(B°— KXJhp(— putp~)) BY— KX Jh)(— ete))

dDouble ratio ensures that
measurement is robust against
systematic effects

UMeasurement of control channels

0% + .-
R, = B(B 0 TR _ | 06+0.006]stat] = 0.045sys]
Y B(B'— Jhpete)

25



LFU violation in B> K¢

Phys. Rev. Lett. 113 (2014) 151601

R B’,.(B — K‘u"'u—) X -2 HCY -BaBar —g-Rdie
= v ;_:v"':"l'x:xl LN B
“  Br(B— Ke'e) = F LHCD ]
L5 . -

In the first bin E ; {

- SM .
- —— :
R, =0.75""" +0.036 °t :
-0.074 - ]
Actually measured: ’ ’ " . & [G:\?-:,-@]

3’(8‘ — K‘,u",u‘)/a"(B‘ —-KJ/Iy J/lyp— ,u*,u‘)

Ri= z(B - K'e*e‘)/z’(B' > KJly,Jly— e*e‘)

~d

Di-electron branching fraction consistent with SM
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B> K*u*u/B>K*e*e

LHCb, JHEP 08 (2017) 055

Pulls Candidates per 34 MeV/c2

('\]b 1 v 1 v 1 —_
S LHCb -
ﬁ wE L e B’>KYete 1
3 I Combinatorial -
5 15 B—Xete o
=3 .
@ .
= 10 5 2 4y
< + * 0.045<g*<1.1 [GeV7/c*] -
i) 5 / .
= [ 1l ¥ E
S W g 5
&L SEe T T T T — E
E 0 o al g g
-5 3
4500 5000 5500 6000

m(K*r-ete™) [MeV/c?]

LHCb

------ B’ >K %ete

% Combinatorial
B—Xe e

B —>K ™y

1.1<q?<6.0 [GeV*/c4]

5500 6000
m(K*n—e*te) [MeV/c?]

0.4

0.2

0.0

4 [m('ﬂ)]ﬁ

% interferences
H H

C((),) and 01( 6)

Long distance
contributions from CC
above open charm
threshold

LA LN L B L LB B L B L I
__ ......................................................... i“* ..................................... —]
[L Y m-=e ]
3% 1 5
N ® LHCh ]
B BIP ]
N Y CDHMV
r B EOS ]
u @ flav.io ]
- LHCh e o
Lo v v b v b v b b by 1]
0 1 2 3 4 5) 6



¢lobal analyses of b>s/*¢ (including LFU
~ observables)

3r
" 1.0 4 s !
1 g - /,‘
| //
~ L / TLFUV o
o ’ 1 o
-1 —
1 =0.5 7 LFU observables
-2} 1 ) b — spu global fit
—-1.0 4 al " ey :
—3 i N L | === all, fivefold non-FF hadr. uncert.,
_3 _2 _1 o 1 2 3 2.0 i.ﬁ iA(] 63 (JVU (JT;’; l:(] 1.5
Cg:’ Re (“!_;
[JHEP 01 (2018) 093] [PRD 96 (2017) 055008]

O LFU violation observations may be accommodated by a BSM
violation consistent with the other b>s¢¢- tensions
 Best explanation seems to be new physics in di-muon channel via

Co (57uPLb) (A" 1)
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B4

JExcellent probes of
new physics:
JCKM suppressed, loop

suppressed, and
helicity suppressed

JPowerful probes of
new scalar and
pseudoscalar
interactions
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L 3sF

E : LHCb
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2 2sE

% 20F
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m—— Total
— =B = uw'w”

mmms B°—>_u+!.l.-
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5400 5600 5800 6000
My [MeV/c?]

ATLAS, EPIC 76 (2016) 513

) 68

Time integrated SM prediction
[C. Bobethlet al. PRL1112 (2014)101|801]

0

1

2 3 4
BR(B,—~u ") [x 107]

B(B —u'u’)=(3.0£0.6%7)x10”

BB'—=u'u)<34x10™" 95%CL
00210
0.8
0.7
0.6
0.5
04
0.3
02

0.1
0

LHCb

BF(B" — uu)

|III|IIII|IIII|IIII|IIIII!lIIlIIIIlIIIIlIIII
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Theoretical uncertainty ~6%
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What is next?

LHCb-PUB-2018-009

Physics Case

Max Luminosity [10%/cm?%s]

for an

current LHCb — Upgrade | ———» Upgrade Il—» LHCb Upgrade 1l

20— - . :-‘3
] Results 30 2
. a =
. ] =)
16— from e h f t 250 £
_ T'he tuture Joso £
13 today 1 3
12_: —200 E
: 0 3 1 &
10—: | | _:150 ig
8 .
6— —{100
4_: é ] Opportunities in flavour physics, and
- —150 beyond, in the HL-LHC era
2— ] -
0j==—=g-—- —_—
2010 2015 2020 2025 2030 2035
Year
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Summary and ouvtlook

d The CKM triangles are providing a wonderful validation
of the SM, but subtle new physics effects may be still
revealed

d Tantalizing tensions in EW penguin decays have
surfaced

 Study of B—¢+¢ is broadening its scope beyond
branching fraction measurement

O Precise calculations of the hadronic matrix element are
key to the success of this experimental program

d LHCb has just a vibrant program both in terms of
physics analysis and instrumental improvement fo
pursue this exciting physics



Sumwary and ovtlook Il

Antonio Pich at Implications of LHCb measurements
and future prospects

Flavour Structure and C/P are major pending questions

Related to SSB S Scalar Sector (Higgs)

Important cosmological implications (Baryogenesis)

Sensitive to New Physics: Flavour Anomalies!

Intriguing signals (most anomalies related to 34 family)

Many questions. Higher statistics & better systematics (QCD) needed

Eagerly awaiting new experimental results
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Back-up information will follow

THE END
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Papers submitted per month
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Table 16: Statistical sensitivities of the LHCb upgrade to key observables. For each observable the current sensitivity is compared to

that which will be achieved by LHCb before the upgrade, and that which will be achieved with 50 fb ! by the upgraded experiment.

Systematic uncertainties are expected to be non-negligible for the most precisely measured quantities. Note that the current
sensitivities do not include new results presented at ICHEP 2012 or CKM2012.

Type Observable Current (in LHCb Upgrade Theory
2018 (50fb~')  uncertainty
B mixing 28, (BY — Jh ¢) 0.025 0.008 ~ 0.003
28, (BY — Ji fo(980)) 0.045 0.014 ~ 0.01
a 06%x 107 02x10% 0.03x 10
Gluonic 28°T(BY = ¢g) 0.17 0.03 0.02
penguins 285 (BY — KK"") 0.13 0.02 < 0.02
284 (B0 — pKY) 0.30 0.05 0.02
Right-handed 28M(BY — ¢v) 0.09 0.02 < 0.01
currents 1(BY - ¢vy) /o 5% 1% 0.2%
Electroweak  Sy(B' = K'u*u=;1 < ¢* < 6 GeV?/c?) 0.025 0.008 0.02
penguins so Arp(BY — K™% p) 6 % 2% 7%
A(Kpt ;1 < ¢ < 6GeV/c) 0.08 0.025 ~0.02
B(BT - xtutu™)/B(B™ - Ktutu ) 8% 2.5% ~10%
Higgs B(B® - u'u) 0.5x10% 016x10% 03x10°
penguins B(B® — putu~)/B(BY — ppu~) ~ 100 % ~ 35% ~5%
Unitarity 7 (B —= DMK ~ 10-12° [244[[258 4° 0.9° negligible
triangle v (BY = D,K) 11¢ 2.0° negligible
angles B (B - Jh K) 0.8° 0.6° 0.2° negligible
Charm Ay 2.3x 107" [43 0.40 x 1077 0.07 x 10°*
CP violation AAcp 2.1x107% [18 0.65 x 107 0.12 x 107? -
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Upgrade Il — physics case examples

Physics Case — Rare Decays

* Wide range Of \ UO:I.OKIO": \ uca:s.axxo': \ uccno.onol: ‘I:‘Hgb
b=>sl*l-/dI*I

observables "-'j: ':.T: e

10 % precision on

@ V - O 40 LHCD 23,3 % 10~ LHCh 45,8 x 10° LHCB +4,9 x 10! LHCD £1,3 % 10~ LHCb
- = I i I i I 1 Cu

* ¢ 3 mrad — o
° Charm CPV: o 21.0x 107 e 21,5 x10° Lo 1,410t e 241

R Ml Wl Wl Ml
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Radiative B decays

JThe branching fraction

B(b>sY) is consistent
with the Standard
Model & is a powerful il

constraint of new o \ ’

physics scenarios W- '
dSensitive to the O

operators

JCP violation and photon i
polarization add ‘ m j
sensitivity to NP
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Global fits - Angular observables and

. (NP

branching fractions

W. Altmannshofer et al EPJC 77(2017)377
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Radiative B decays

Sensitive to the O,
operators

JCP violation and photon
polarization add sensitivity

1-0 l\] Paui, A. & Straub, D.M. J. High Energ. Phys. (2017) 2017: 27

Re(C7') vs Re(C7) C7' complex plane
) -
3 i§ }\‘ T
FEd \A /¥ L |
3 g E (N
I-»w(“'l\ " Re((
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Photon polarization in BS%(I)’Y

PHYS. REV. LETT. 118, 021801 (2017)

o First measurement of the photon polarisation in B2 — ¢~.
» Time-dependent decay rate is sensitive to photon polarisation:

ng—>¢7(t) x e fst [cosh(AFst/Z) - AAsinh(AFSt/2)]

> SM prediction: A2 = 0.04712-252 [PRB 664 (2008) 174]

LHCb _

gy Compatible with the SM at 2.66

—

o
W
[

Candidates / ps

—
[=]
I

AB = —0.98193% (stat.) 1055 (syst.) J
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Radiative B decays

JThe branching fraction

B(b>sY) is consistent
with the Standard
Model & is a powerful e

constraint of new i | |

physics scenarios W- '
dSensitive to the O

operators

CP violation and photon o
polarization add ‘ m j
sensitivity to NP
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Photon polarization in B—K"y

PHYS. REV. LETT. 112, 161801 (2014)
e First observation of photon polarisation in BT — K77~ ~:

T 05 0 05 1

0@; r T T T «:’> T T T
— 8 ." 8 1:_ 7 8
Pr fast ’\ . g " §
Prslow S S :
PrsiowX Prast X X 1
Px < g 1
¥ ]
O B B A N . o 1314 GV
S 300 I 3 -1 05 0 05 i -1 05 0 05 1
2 3 cosB
E 250 % LHCb E @ «> T T T T
A L5 o
= 150 *{. | B = Z Z 0.8F
'-'g 100} I I mfzﬁﬂﬁl ‘iﬂﬂkﬂ E X X
: | P 200, -
Sl | By £l |
R I P N r ]
200 1400 1600 1800 of ’
M(Knr) [MeV/c F [1.6,1.9] GeV/c? ]
0 0 I S S S T 't I T T 1
cosb

@ Exact value of the polarisation depends on hadronic content
— full amplitude analysis ongoing.
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Lepton flavor violation in B ~P™*tv

First reported by BaBar [PRL109, 101802 (2012)],
4 more measurements by BaBar, Belle & LHCb

dCombined RD and RD* fit about 3.9c from SM
predictions - osp—

L] I L] L] L] L] I L] I L] L] L] L]
BaBar, PRL109,101802(2012)

2 _

a2 - Belle, PRD92,072014(2015) Ay = 1.0 contours .

e 045 — LHCb, PRL115,111803(2015) == SM Predictions -

N Belle, arXiv:1612.00529 R(D)=0.299(11) FNAL/MILC (2015) ]

0.4 |~ [ Average R(D*)=0.252(3) . Fajfer et al. (2012) =]
035
03
025

= Moriond EW 2017 |

- P(x2) =674%

0 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1
%.2 0.3 04 0.5 0.6

R(D)
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Caandideoes (0 25%)

& 8 ¥ ¥ B &8 8 ¥ 8 BB OB N BusmEEEAREBEE

85 ¥ ¥

Lepton flavor violation in
B >~P*tv (t>3n(=")

LHCb-PAPER-2017-017

Candideoes (L 37 8GeV i)

s 20 o 2 4 6 s m
1:1ps) @* 1GeViieY)

B(B” — D* ttv,.) = (1.39 £ 0.09 (stat) & 0.12 (syst) £ 0.06 (ext)) x 102
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Current status

Flavour Anomaly ¢ 8 03

0.45

3.8 o discrepancy
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Blsd) >~ T'1

(dBased on 3fb! (run 1) 4 PRL 118 (2017) 251802
| + 3 tar—Art 8 10 a2
AUse tr>7m'n v, = LHCh
decay = 10° ﬁﬁ—_\_\_\‘
- -
JdPresence of 2 S | +Daa |
. 10 3 — Total *
undetected v make this - == _1 x Signal -
analysis challenging 10 ¢ — Background
JUse neural net to 1 -
discriminate signal 5
from background g 2

. S 0" 01702703 040506070809 1
B(B,~>1'7t7)<68x10™ (95%CL) Neural network output

B(B' = 1'17)<2.1x107 (95%CL) | Assuming no contribution from the other channel



Effective lifetime

d The A, parameter modifies the
effective lifetime of the decay:

PRL 118(2017)191801

LHCb

- Effective lifetime fit

pHu” candidates / (1 ps)
o

Illllllllllllllll
Illllllllllllllll

- Ty (142A,p,+y: 4 7, = (2.04:0.44:0.05) ps
T 1=y 1+ A,y 12
y =z AL R ]
O Not yet sensitive to A, that Decay time [ps]
provides separation between [De Bruyn et al., PRL 109 (2012) 041801]
scalar and pseudoscalar NP [ PLE=0 w0 g

contributions ey

¢S§7r/4

151 = |P|

Scalar NP(CS)

op = m/4

d Good prospects for run 3&4

o
'S
yn et al., [PRL 109 (2012) 041801

]
]
Non — Scalar

041 £ :‘ NP(C{), CP)

Aar(Bs — ptp™)
L

s
=
Based on De B

| [ Sl eshe PI=Lpr=0
0 PP=7/2 | |P|=10%0.1 ¢p free, |S| =0
: IP|=1,|S|=0 LHCb, PRL 118 (2017) 191801
04 0.6 0.3 10 12 14 16 18 2.0

R=B(B,— p' ) /BB, = gl g



Rare charm decays

J. Prisciandaro FPCP 2017

D' - e Dy - 2Tl D" 57 x'V(=) D’ - K™%
DO _)pe— D+ —’K+’+’- Do—)p V(—)") Do—)(¢ w)
b o D’ 5 K*K V(= 1) S
D, > h ue D’ s K7t DF o rtd> Il
0 I p° Vil L > g(—=> 1)
D’ - K™I*l 24 V(=)
LFV,- BNV FCNC VMD Rad.ive
0 10" 10" 10" 10" 10" 10" 10° 10° 107 10° 10° 10
0 + + +
D, > hI'I* D>y D= rtl*l D —)ﬁorr V(=) DY > z*g(—> 1)
D s X0t e D° - ee D'sp IYI-  D'K V(=) D' 5K V()
D X__/:+,+ D5 KK D >y D’ > K™V (> Il
N
107 ————— DO rare decays
: June 16 s
S 107 m & A v
A A A A
< " 2 ® A .6 @
10 C s MR & A A A
10° | A°
o o
10°° : > 5
(@) % Belle ©® LHCb
[ O BESIII O E789
10”7 = A CLEOIl < HERAB ——
> BaBar @ CDF
8 ® E791 N Argus
10° ° m CLEO ¢ Markd —
V E653
10-9 . n n n n . . . . . n n n n n . . . .
; | | | | | | | | | | | | | | | | | | | | | | |
[ R R T VR S R I~ S~ S P R CRR S T R S VR SR B S~ §
+Q.\ +1 +Q.) +3L +® +3. +® +QJ +1 +1 +€D +1 +Q) +Q) +i +1 +® +1 +Q.> +QJ +1 +1 +3_
Ol< o s = OQ = 3 3 ! < < & ID + N + ]S
& { +: a % 5 S ;g:.i & ;@/ ‘::
k K ‘*N K |& +l:

49



DO->K*K-(TCHTT ) U ii?
c — Z’Or;r:< IZ < Z} ! LHCb-PAPER-2017-019

}h+ D(){; W+ q}h+

U W ( q
. \ wy
\ ﬂ} h ﬂ}p < R
Short distance Long distance

dShort distance SM branching fraction expectations highly
suppressed
 [0(107)- arXiV:1101.6053]
dLong distance contributions can increase BF to 6(10°)
[arXiV:0706.1133]
(JResonances affect all dimuon invariant mass spectrum but more
prominent in low-mass resonance regions




Candidates per 5 MeV/¢?

LHCb-PAPER-2017-019

Results

D' s g utu D' — KK u*u
15F T T T T ] T T —— T
Low-m(u*u”) n LHCb 8 n LHCD
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- 2 u ;
E L : ' , ' ' I I , ' . ' o
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B(D’ — nrn~ptp™) = (9.64 £ 0.48 £ 0.51 £0.97) x 1077,
B(D’ - K*K ptp~) = (1.54 £0.27 4+ 0.09 + 0.16) x 107"
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Candidates per 5 MeV/¢?

LHCb-PAPER-2017-019

Results
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B mixing and CP violation

b b W~
> —— >
= t,C,u t,C,Ll- — t. t -
S b 5 1 ).F b
W™ H
. . . s T s Ty
Time evolution of Flavor Eigenstates ,d[Bf) Mn—z# M?, —i 212 B
1— =
dl. EO ) Fs* 1—\9 EO
0.6- s Ms _ii Ms _iﬁ s
E 12 2 22 2
> 04rp
QE, 0'2: 2_ e Tagged mixed
£ 0- ; i v Tagged unmixed
% E :; 4001 $ Fit mixed
= 4 0.2_ i:—:j i \ = === Fit unmixed
'0.4; % 200__ )
0.6 i
6-4-20 2 4 6 e
PDG 2012 0 1 ° ’ !

Amg = 17.768 £+ 0.023 (stat) 4+ 0.006 (syst) ps_l|

Amg = 0.507 £ 0.004 ps~!
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Other flavor-changing neutral current
“tensions”

LHCb [arXiV:1509.00414]

FNAL/MILC:1510.02349 Detmold, Lehner, Meinel: 1602.01399

LHCb [arXiV:1503.07138]

T T T T I
Form factors } CKl\f/I + Othelrs E— 04 L ¢ 32 i
orm factors only T ! — 2
LHCb [arXiv:1509.00414] —e— - App = 5Kic
I [ S— L ——— | 26 A T-——s - - e — — —|— —| — +
+‘__ : -4
tension i {
- - - - - —04 — -
0 5 10 15 20 25 , , , ,
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